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PREFACE

This report, presenting an evaluation of the thermal environment
and distribution of ventilation air in the basement portion of a 200-
Person Fallout Shelter when supplied with a minimum rate of ventila-
tion air, was authorized and funded by Office of Civil Defense Work
Order No. OS-63-148 dated 24 May 1963 and as amended.

Tests by the Protective Structures Development Center were con-
ducted concurrently with Office of Civil Defense sponsored ventila-
tion studies performed on the same shelter by the University of
Florida.

The period covered by this report is 29 September to 11 October
1963.

The study was made at the 200-Person Shelter located at the
Protective Structures Development Center (PSDC), Fort Belvoir,
Virginia, a part of the Joint Civil Defense Support Group managed
by the Corps of Engineers, U.S. Army, and the Bureau of Yards and
Docks, U.S. Navy.

Major Wilbur L. Cox
Chief, Protective Structures Development Center

Michael M. Dembo
Chief, Structures and Equipment Development Section

This report was prepared by 0. W. Svaeri, Mechanical Engineer.
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SUMMARY

Observations were made of the thermal environment in the base-
ment portion of a box shaped reinforced concrete 200 person shelter
when the shelter was supplied with a minimum quantity of ventilation
air. Also, an evaluation was made of the distribution of the venti-
lationA alr in t"h_ Zu le.ter a6 ;,..az•red by variations in effective
ternperature, when the air was supplied through a duct system and
through a single point source.

Ventilation air conditioned to simulate a 1% design day in the
Washington, D.C. area (i.e. air at dry bulb and wet bulb temperatures
which will not be exceeded more than 1% of the time), was supplied
to the shelter area tested. Approximately 100 simulated occupants
(SIMOCS) were placed in the shelter basement to generate the same
amount of heat and moisture as 100 human occupants.

When conditioned air was supplied at a minin-um rate of 3 cfm
per person, effective temperatures (Ell) as high as 90 deg were
attained and mainr.ained within the shelter. Based on current stan-
dards for the thermal environment in shelters, it is concluded that
a minimum ventilation rate of 3 cfm is not adequate for cooling this
shelter space.

Ventilation air was delivered to the shelter by single point
air delivery through a single opening in the basement ceiling, and
through existing duct system. The temperature stratification in
this small shelter was considerable when air was delivered through a
single point, and effective temperatures between the opposite sides
of the shelter differed as much as 4 degrees. When ventilation air
was introduced into the shelter through a single inlet opening it
was noted that air quantities supplied did not have a marked in-
fluence on the temperature stratification within the shelter. At
ventilation rates up to 18 cfm effective temperature differences
as large as 1½-2 deg existed, due to short circuiting of air between
the inlet and exhaust openings.

When ventilation air was delivered through the existing duct
work the temperature stratification did not exceed 1 to 2 deg eff'-c-
tive temperature even when the air was suppli3d at a minimum rate of
3 cfm per occupant.

It is concluded that ventilation air supplied at the rate of
3 cfm per person and conditioned to represent a 1% sumner design
day in the Washington, D.C. area would be inadequate to maintain a
tolerable thermal environment in the shelter.
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SECTION 1: INTRODUCTION

Objectives

1. The purpose of the tests described in this report was to
evaluate the thermal environment of the basement of the 200-Person
SLelter at the Protective Structures Development Center when pro-
vided with minimum ventilation. The evaluation was to be accom-
plished by (a) examining the effect of a 3 cfm per person minimum
ventilation rate on tne exiective temperature in the occupied shel-
ter during hot summer weather, and by (b) determining the air distri-
bution obtained in the shelter using the existing duct work and a
single point air delivery.

Background

2. In September 1963, tests for determination of optimum
ventilation rates were conducted in the basement of the 200-Person
Shelter located at the Protective Structures Development Center (PSDC)
by the University of Florida under contract with the Office of Civil
Defense (OCD). These tests were part of a nationwide series of eval-
uations of ventilation characteristics of survival shelters. The
PSDC was authorized to conduct the study described in this report as
an extension of the University of Florida contract.

3. An important factor in upgrading of existing and design of
new shelter spaces is the provision of adequate ventilation air for
heat and moisture removal and maintenance of an adequate air chemical
environment. Current recozmnendations for these items are: (a) max-
imum 85 deg effective temperature as defined in chapter 8 of the
ASHRAE Guide and Data Book, 1 (b) at least 17% oxygen, (c) a maximum
of l'% carbon dioxide, and a maximum of .01% carbon monoxide. 2 These
figures are not established criteria, but vary depending on conditions
peculiar to the environment, location, duration of shelter occupancy,
and state of health of the shelter occupants. The provision of 3 cfm
per person ventilation air as recommended by current engineering
guioes, such as OCD TM 61-33 and PG-80-l0h, "Catalog of sheltE Com-
ponenhC&", may not be srfficient in many areas in the United States
during hot summer months to maintain an adequate thermal environment.
This report evaluates the suitability of a 3 cfm per person ventila-
tion rate for the 200-Person Shelter at the PSDC in relation to the
maintenance of a maximum effective temperature of 85 deg within the
shelter.

*Raised numbers refer to similarly numbered items in List of References.



S4. In addition to investigating the effect of a 3 cfm per per-
son ventilation rate, studies were made to measure the variations in
effective temperatures throughout the shelter when using two different
methods of supplying and distributing the ventilation air.

SECTION 2: INV6STIGATION

Description of Shelter

5. The 200-Person Shelter at the Protective Structures Develop-
ment Center is a two-story reinforced concrete structure, approximately
37 feet square with one story below grade and the other at grade level.
Ceiling height is approximately 10 feet. It is a dual purpose shelter
equipped with an air conditioning system (cooling and heating) complete
with a two zo-i distribution duct work for normal use, i.e., one zone
for each of the stories. For emergency use a 4100 cfm blower is pro-
vided which supplies filtered fresh air to the upper story through a
single inlet grille mounted high in a partition wall on the ist floor
and to the basement shelter area through a single centrally located
outlet opening in the ceiling. Figure No. 1 shows an exterior view
of the shelter. Figure No. 2 shows the floor plans and elevations of
the shelter, including the air conditioning system duct work, major
dimensions, and the locations of the inlets and outlets for the emer-
gency air distribution system.

6. The shelter is located in a rural area, unshaded, in an open
field with grass cover. The soil in the immediate vicinity of the
shelter, primarily backfill material, is generally a coarse to fine
graded sand, with strata of clayey or silty sands. A one-foot thick
gravel blanket was, according to the engineering drawings, to be pro-
vided all around the basement walls (see section view, Figure No. 2).
However, as noted subsequently, this gravel fill was found to be
missing on certain of the walls with resultant local variations in
temperatures and heat transfer. (See "Factors Affecting Heat Trans-
fer" in the Discussion section of the report.)

Test Procedure

7. Only the below grade (basement) portion of the shelter was
included in this study. Simulated oc-cupants, as described herein-
after, were placed in the 251-61, x 371-0" area shown cross-hatchcd
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in Figure No. 2. This is a loading ratio of approximately 10 square
feet of floor area per person which is in accordance with current
OCD minimum requirements. 3 The shelter was instrmumented to record
the data necessary to determine effective temperatures and ventila-
tion rates.

Heat Load

8. Individual simulated occupants (SI-MOCS) were installed in
the test area by a research team from the University of Florida.
Heat and moisture emitted from these "occupants" were carefully con-
trolled to simulate a total sensible and latent heat output of 400
BTU per hour per person, equivalent to the heat given off by an
average adult at rest.1 Figures 3 and 4 show the simulated occupants
in place as well as the water and power metering devices. Figure 5
is a close-up of the occupants.

9. Although the rated capacity of the basement shelter was 100
occupants, the actual number of simulated occupants installed was
only 98. However, this reduced number of occupants was operated at
slightly increased sensible and latent heat rates to produce the
equivalent heat output of 100 occupants.

Ventilating Air

10. The trailer shown in Figure 6 contains an air conditioning
plant capable of delivering conditioned air to shelters simulating
the diurnal and seasonal variations in outdoor air temperature and
humid4 ', conditions which prevail in various areas of the United
States. Note the flexible supply and return air ducts between the
trailer and the shelter. Conditioned air simulating typical hot
summer weather in the Washington, D.C. area was supplied from the
trailer at various rates during the course of the test to determine
the air quantity required to maintain an internal condition of 85
deg effective temperature or less. The typical design day or the
diurnal variations in the psychometric conditions of the air supplied
to the shelter is indicated in Figure 7. This design day, developed
by Professor Gonzalez of the University of Florida, is based on
records of 5-year averages obtained from the weather station at U.S.
Army Davison Air Field at Fort Belvoir, Virginia. It represents a
1% day, i.e. the dry bulb and wet bulb temperatures shown will not
be exceeded more than 1% of the time.
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11. During the University of Florida tests the air flow rates
varied from 3 to 27 cfm per person. At the start of the tests 3 cfm
per person was supplied. As this proved inadequate to maintain an
effective temperature of 85 deg or less in the shelter, the air flow
rate was subsequently increased to 6, 9, 18 and finally 27 cfm per
person. At the end of the test the air flow rate was reduced back to
3 cfm per person to observe the effect of this minimum ventilation
rate on the environmental conditions in the occupied shelter during
hot summer weather.

12. Since only the basement portion of the shelter was used in
the tests, the dry bulb temperature on the first floor was maintained
approximately at the same level as in the basement to prevent or
mirxmize heat loss through the concrete floor separating the two areas.
The normal building heating system was used for this purpose augmented
by electrical heating devices placed on the concrete floor.

Data Recording

Temperature Data

13. In order to obtain a representative indication of shelter
air temperatures at the various test air delivery rates it was decided
to establish an imaginary grid for the purpose of fixing locations of
shelter temperature measurements. The grid was established in a
horizontal plane approxd-mately 41 auove the shelter floor. Twenty-
three points were recorded at approximately 5-foot intervals as shown
in Figure No. 8, "Plan of Effective Temperature Grid". The dry bulb
and wet bulb temperatures were measured by means of the psychrometer
shown in Figure No. 9 and the effective temperatures were determined
at the grid locations using the chart in the 1961 American Society of
Heati ng, Refrigerating and Air Conditioning Engineers Guide and Data
Book, Chapter 8, Figure 9. The temperature and ventilation air flow
data collected during the tests can be found on the data sheets in
Appendix A. The calculated effective temperatures at all points in
the grid as well as the average effective temperatures in the shelter
are also indicated on these data sheets. The effective temperature
grids are plotted on the data sheets contained in Appendix B.

14. The dry bulb and wet bulb temperatures of the supply air,
exhaust air and at the east and west geometric centers in the shelter
were recorded simultaneously with the grid temperatures. The loca-
tions of the east and west gcometric centers are indicated on Figure
No. 8.

11
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Figure 9 - Battery driven psychrometer. Used to determine the dry bulb and
w-t bulb temperatures in the shelter. It consists of a dry bulband wet bulb thermometer and a motor driven fan which circulates
air at the proper velocity across both thermometer bulbs.
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oo15. The vertical dry bulb temperature distribution in the shel-l ter was measured using copper-constantan thermocouples mounted at

uniform Intervals on two probes; one on the east side and one on the
west side of the shelter (3ee Figure No. 8). Temperatures were
measured at the I inch and 1, 2, 4, 6 and 8 foot levels above the
floor on both probes. In addition, the dry# bulb temperatures at the
h-foot level at the south end and north end of the shelter were
measured. The temperatures were recorded on automatic recording
potentiometers located in the mobile equipment trailer (see Figure
No. 6).

16. Throughout the tests at least one set of dry bulb and wet
bulb readings were obtained for each of the various ventilation air
flow rates. These readings were taken at regular intervals following
the establi-hed grid pattern. The influence of supply air quai.tities
on temperature stratification with-n the shelter was observed.

Ventilation Air Data

17. The total duration of the tests on this shelter were from
1645 hours, 21 September 1963, to 1640 hours, 11 October 1963. During
the entire test period except for the last 25½ hours the ventilation
air was introduced into the shelter through a single opening in the
ceiling. The existing emergency air inlet in the basement ceiling
was used for this purpose. Figure 10 shows the details of this open-
ing complete with a baffleplate. A grid of the effective temperature
was plotted from the recorded data to indicate the general pattern of
temperature distribution when cooling air is introduced at a single
point (see data sheets in Appendix B).

18. The quantity of air supplied to the shelter was determined
by means of a vane type anemometer reading air velocities directly in
feet per minute (fpm). An eight to twelve point traverse was made in
the mapply air duct from the trailer using an accessory probe regis-
tering velocity pressure (see Figure 11).

19. To observe the effectiveness of duct work to distribute air
the dry bulb, wet bulb and effective temperatures were observed while
delivering the ventilation air through the existing duct work in the
shelter. This was done during the last 2Y1 hour period of the tests.
The minimum ventilation rate of 3 cfm per person was used and measure-
ments were made of air temperatures utilizing the same grid pattern
as was used with single point air delivery. An indication of the
effectiveness of the duct work in providing batter distribution of
ventilation air was obtained by corparing the two sets of recorded

14~



temperatures for the two types of distribution systems described
above. Note that the similated occupants are evenly distributed in
the test area so that the heat gain per square foot in the shelter
is nearly uniform.

20. As described previously, the vertical dry bulb temperature
distribution in the shelter was measured simultaneously with the grid
pattern temperatures at the 1 inch and 1, 2, 4, 6 and 8 foot levels
above the shelter floor in two locations in the shelter (ease side
and west side). Similar readings were taken at the 4-foot level on
the north and south sidej.

21. For both systems of air distribution, single point and duct
work, the existing emergency air outlet opening in the ceiling was
used as the exhaust outlet for the ventilation air (see Figures 2
and 8).

22. The amount of air delivered from the various registers when
the duct system was used was determined using the vane type anemometer.
Average air velocity readings were obtained directly in units of feet
per minute. By measuring the free area of the registers the air
quantities were readily calculated. This data is shown in Appendix C.

~4

Figure No. 10. Air Inlet Opening in Basement Ceiling.
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SECTION 3: DISCUSSION

Effect of Low Ventilation Rate

23. The curves shown in Figure 12 were recorded by University
of Florida personnel and indicate the relationship between the supply
air and the shelter conditions. The curves are plotted beginning at
0100 hours 8 October 1963 to show the conditions which existed immed-
iately before the PSDC portion of the tests were started. Note that
the dry bulb, wet bulb, and effective temperatures within the shelter
cycled in direct relationship with the diurnal variations in the
ventilation air supplied.

24. The curves show that during the PSDC phase of the test, i.e.
when ventilation air was supplied at the minimum rafe of 3 cfm per
person, using both methods of air distribution, the dry bulb tempera-
tures on the west side were consistently between 90 and 950 F and only
slightly lower on the east side. At these high temperatures, sensible
heat loss by the human body is practically zero and human beings are
almost entirely dependent upon evaporative losses for dissipation of
metabolic heat. For the purpose of this report it is assumed that an
effective temperature of 85 deg is the upper limit of prolonged ex-
posure for healthy humans, prior to onset of heat exhaustion.

25. The curves in Figure 12 show that practically at all times
during the PSDC phase of the tests when the minimum ventilation rate
of 3 cfm was supplied, the shelter effective temperatures exceeded
85 deg. After 55½ hours of operation with this low air supply rate
the effective temperature of the exhaust air reached 91 deg. During
the previous 24 hours the minimum effective temperature observed in
the shelter was 86.5 deg. The tests were terminated when the shelter
effective temperature continued to increase beyond the level where
heat exhaustion is possible for healthy acclimatized persons.

Terperature Differences Within the Shelter

26. Figure 13 illustrates graphically the relationship between
the effective temperatures of the supply air, the exhaust air, and
the average shelter effective temperature existing at the time grid
temperature6 were taken. Note that the average shelter effective
temperature exceeds the ventilation air effective temperature at all
times.

17
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27. From page 3 of the data sheets in Appendix A, Appendix B
and Table I it is found that a difference as high as 4 deg in the
effective temperature existed between the west side of the shelter
and the east side. This maximum difference occurred with a rela-
tively large air flow of 18 cfm/occupant. The lower temperatures
prevailed on the east side where the ventilation air was introduced
through the existing emergency air inlet opening in the ceiling. It
is significant to note that the air quantity supplied to the shelter
throughout the tests had no marked influence on the effective temper-
ature stratification as observed during the single point air delivery
phase of the tests. Even when the maximum rate of 27 cfm per occupant
was supplied to the shelter a difference of]2 deg was observed between
the two sides in the shelter. However, it s noted that the differ-
ence in effective temperatures between the various areas in the shelter
was reduced to 1-2 deg when supplying air through the duct work. This
was accomplished during the last phase of the test using the minimum
air flow rate of 3 cfm per person. It is reasonable to assume that a
greater amount of air supplied through the duct work would tend to
decrease this differential still further due to increased turbulence
and greater entrainment of room air with the supply air. The degree
of decrease should be verified by tests. Table I illustrates the
temperature differences observed during the various phases of the
tests.

28. An indication of the effectiveness of the duct work in
providing better distribution of ventilation air may be noted by com-
paring the two sets of recorded temperatures for the two systems of
distribution. This is based on the theory that the temperature dis-
tribution is a direct indication of the effectiveness of the duct
work in distributing the air throughout the shelter. In other words,
if the temperatures are found to be uniform throughout the shelter,
so is the air distribution.

29. Table I illustrates the approximate differences in effec-
tive temperatures between the east and west sides of the shelter as
observed during the tests at various rates of air flow. A difference
of 1½ to 2 deg was observed with a ventilation rate of 6 cfm per
occupant and it gradually increased to 3 to 4 deg as observed with an
air flow of 18 cfm per occupant. When the air flc(w was finally in-
creased to 27 cfm per occupant the difference in the effective teirer-
ature was decreased l½ to 2 deg. The steady increase in the tempera-
ture difference using air flow rates from 6 to 9 to 18 cfm per occupant
is attributed to the fact that insufficient turbulence or mixing was
present to equalize the temperatures in the shelter. Finally when
the air flow was increased to 27 cfm per occupant the turbulence was
significant and nearly equalized the recorded temperatures. When the
air flow subsequently was reduced to the minimum rate of 3 cfm per
occupant the temperature differential steadily increased to a value

19
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3 of approximately 31 deg. Finally when the verntilation air was de-
livered through the distribution duct work (still at the minimum

* rate of 3 cfm per occupant), a difference of 1 to 2 deg was observed
in the effective temperatures in the shelter between the east and
west sides. This may seem greater than expected, however, it should
be noted that air quantities delivered through registers Nos. 3 and 4
on the west side were low compared to the air quantities delivered
through registers Nos. 1 and 2 on the east side (see Appendix C).
This imbalance existed primarily because register No. 5, located out-
side the test area, was blocked during the duct work phase of the
tests. Differences in effective temperatures between the east and
west sides of the shelter were mainly due to differences in wet bulb
temperatures which varied from 3 to 70 F. The dry bulb temperatures
generally varied only 1 to 1210F between the two sides. This is
indicated on the data sheets, pages 1 to 9, Appendix A and Table I.

Effect of SIMOCS

30. It should be pointed ouit that the simulated occupants were
sedentary. In an actual shelter situation with human occupants there
would be an inclination on the part of the occupants to move toward
the cooler areas in the shelter. Thus, heat emittance in the warm
areas would be reduced due to decreased population and a corresponding
gain would occur in the cooler areas tending to equalize the shelter
temperatures.

Air Distribution and Mixing

31. The bar graph shown in Figure 13 illustrates the relation-
ship between effective temperatures of the supply air, the exhaust
air, and the average effective temperature within the shelter. The
graph indicates that whenever the average effective temperatures
within the shelter exceeded the exhaust air effective temperature,
the ventilation air flow rate was insufficient to cause good mixing
of the air within the shelter, or that the air supplied short-
circuited between the inlet opening and the exhaust opening. Note
that for the ventilation air flow of 18 cfm and 27 cfm per occupant
the effective temperature of the inlet air is appro:dmiately equal to
the effective temperature of the exhaust air. This would indicate
a short circuit. On the 9th and 10th of October when the air flow
rate was reduced to 3 cfm per occupant and still using single point
air delivery the exhaust air effective temperature is considerably
above the supply sir effective temperature indicating that the air

22



has had sufficient time to pick up more of the moisture load. How-
ever, the effective temperatures within the shelter, of course, were
much higher than when the greater air flow rates were used. Also
note that during this period the average shelter effective temperature
is consistently lower than the exhaust air effective temperature.
Unfortunately, the data is not altogether conclusive. It is assumed
that further studies of air velocities and velocity patterns in shel-
ters of various configurations may thrzow more light on this particular
problem. When the air was delivered through the duct work, however,
the exhaust air effective temperature exceeded at all times the aver-
age shelter effective temperature and was considerably higher than
the supply air effective temperature.

32. The center portion of the graphs illustrated in Figure 12
shows the effective air temperatures of the east side, the west side
and the exhaust air plotted against time. Note that on this graph
the vertical distance between the effective temperature curves on
the east side and the west side is a direct indication of how well
the ventilation air and room air have been mixed. The greater the
distance, the poorer the mixing of air within the shelter. When the
two effective temperature curves merge together, good mixing is indi-
cated. It is significant to note that when air was supplied through
the duct work these curves were close together, indicating that more
uniform shelter temperatures existed.

Factors Affecting Heat Transfer

33. A study of the effective temperature grid data sheets
reveals that the northeast corner was the coldest area within the
shelter throughout the tests. This is partly due to a possible
imbalance in the quantity of air delivered and partly because the
Mechanical Room on the first floor is located directly above this
area. In order to accomunodate the flexible supply and return air
ducts between the shel. er and the equipment trailer, the door to
this room had to be open at all times during the tests, thu3 allow-
ing the outdoor pmbient air to cool the floor slab. This was very
apparent toward the end of the tests when heavy condensation occurred
on the ceiling in the shelter in this area.

34. Another factor which influenced the shelter temperatures
in this vicinity was discovered by University of Florida personnel.
It was detected that the gravel blanket which surrounds the basement
walls of the shelter was not provided along 2/3 of the north wall.
Thus, greater heat transfer through the wall to the surrounding soil
occurred in this area due to the absence of the insulating gravel
blanket. This is indicated by the two lower curves on graph, Figure
12, which show soil temperatures at points 6 inches out from the

23



north and west shelter walls at a depth of approximately 5 feet from
the grade -'1rface. It should be noted that the precipitation was
unusually low during the University of Florida tests, and it may well
be found that during rainy periods the heat removal through the walls
in the'areas where the gravel blanket exists may be greater than where
the soil is in direct contact with the walls. The gravel would pro-
vide for rapid percolation of rain water through the blanket which
would carry heat away from the shelter walls.

Vertical Temperature Stratification

35. The vertical dry bulb temperature stratific tion in the
shelter was relatively small, the differences generally not exceeding
1°F between the 1-foot and 8-foot levels above the fbor. On the
west side of the shelter the vertical dry bulb temperature variations
generally did not exceed 1 to -120F, the lowest temperatures being
observed near the floor and the higher temperatures progressively in-
creasing as the distance above the floor. On the east side, however,
a lower dry bulb temperature was frequently observed at the 8-foot
level above the floor than at the 1-foot level. This is attributed
to the fact that the temperature probe on the east side was located
close to the ventilation air inlet in the ceiling. The relatively
cool supply air directly affected the thermocouples at the 6-foot and
8-foot levels more than those closer to the floor.

SECTION 4: CONCLUSIONS AND RECOMIENDATIONS

Conclusions

36. With single point air delivery, stratification in this small
shelter was considerable, even when supplying relatively large air
quantities. This points to the importance of proper air distribution
in survival shelters and indicates the need for further studies of
air distribution methods within fallout shelters. The variations in
air quantities supplied did not have marked influence on the tempera-
ture stratification throughout the shelter. This is true at least
until the maximum quantity of 2700 cfm was delivered. At this rate
turbulence apparently became sufficient to nearly equalize the temper-
atures wlthin +he shelter. The data is not entirely conclusive;
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however, it appears that even at this high ventilation rate when de-
livering air through a single inlet opening there was a significant
short circuit of the ventilation air within the shelter.

37. The effectiveness of the duct work was clearly demonstra-
ted, even when supplying the minimum ventilation rate of 3 cfm per
occupant. This shows that proper air distribution can readily be
accomplished with well designed and properly balanced duct work.
At this ventilation rate a difference in effective temperatures
between the east and west sides of the shelter was observed to be
I to 2 deg. It is safe to assume that had the ventilation rate been
higher this differential would have been decreased or eliminated
entirely. The fact that the air outlet to one room was blanked off
causing an imbalance in the duct work tended to allow this differ-
ential to occur. This could be eliminated simply by regulating and
adjusting the registers.

38. When supplying ventilation air representing a 1% design day
at the minimum rate of 3 cfm per occupant the effective temperature
within the shelter climbed above 90 deg. It is therefore concluded
that ths 3 cfm per occupant ventilation rate is inadequate for pro-
viding a tolerable thermal environment in occupied underground
survival shelters of the configuration tested during hot summer
weather in the Washington, D.C. area, based on a 1% design day.
This conclusion is valid for other araas with similar climatic and
ground conditions. In smaller shelters, such as family shelters, or
other shelters with large exposed underground wall, floor or ceiling
areas per occupant, the dissipation of heat to these cool boundaries
may be sufficient so that a minimum ventilation rate would be ade-
quate. For shelter ventilation purposes, based on providing a
"survival" only thermal environment, it may be more reasonable to
assume a 5% or even a 10% design day rather than the 1% day used in
the tests covered by this report. Further investigation to estab-
lish shelter design temperatures throughout the United States are
now underway under auspices of the Office of Civil Defense. It
should be noted, however, that a 1% summer design temperature is
recommended by the American Society of Heating, Refrigerating and
Air Conditioning Engineers and is in common use by practicing engi-
neers in the design of summer air conditioning systems.

Recommendations

39. It is recommended that further studies of air distribution
and air velocity problems within fallout shelters be undertaken with
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the objective of obtaining useful engineering data for aid in selec-
tion of suitable ventilation systems and equipment to provide satis-
factory air distribution in shelters. The ventilation and air distri-
bution system in a survival shelter should be capable of minimizing
stratification and dead air pockets and providing ventilation air of
uniform quantity and quality to all occupants.

hO. Further research should be conducted to determine the upper
limits of temperature and humidity conditions which can be tolerated
for a required period of time and insure survival of a majcrity of
individuals representing an average cross section of the population.
It is known that the environmental tolerance limits will vary from
individual to individual and are affected by such factors as state of
health, acclimatization and age.

41. A study should be made to determine whether a 1%, 5% or 10%
design day should be applicable in design of survival shelters.
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APPENDIX A

:.< L'.ET - -PSDC
VENTILATIO;: S'UDIES
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. " "- - PSDC
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.9ioJY/ .r AI f IK,"US'.."R COND)ITION 91/ -'Ar ./,
2 ~/~ ~4g j I ;L.T CL'RCCENTER

3 / 9W7~jý fZ gg.w -3'~CXE'--IC CENTER
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A-2



Df, 7A Sa. ET -- PSDC

VLNTI~LATIOX S=uDI ES

SE ZLTE-R: 20 ? A"J

DA,:-. . 3 TIME: /3- 9 OBSERVER: fV/EP/
TOTL VNTIATIN ATE /~'~ _, FM, CFMt)CCUPANT: /SP
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_________ _ 90. o jA2 " V WEST GEOMETRIC CENTER
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Di, 7A S~ET'- -' PSDC

V EwNT 1LATIO -N STUDI ES
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DATz.: 9cOr- 7- TImE: q~O/ OBSERVER: $b4Af

TOTAL VENTLILATION RATE: ___________CFp. CPVt)CCUPANT:3
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20 f92j. 11-.25-. 0, - . 4

xý :51A/e.LE PCIA11 4/,e PZ741w~Q Y
a I se._ _ _ __ _ _ _ _ _ __ _ _ _ _ _



DATA SHEET - 'PSDC
VEN TILATIOW STUDIES

SWELTR: 2e2C P6PSe)/J
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VENTILATIOU S LJES
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DATA PEET - -. Z:SID
VEN'CILATION STUDIES
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DATA S1IEET- PSDC
VENTILATION SýTffIES
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ORNi) rAT*!,.'' .ý.&DINGS .I jE DB WB ET
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5 140.'oTEiMP. 1. i n 3

7 ~92.$ JY. 2 9o.1 EAST 4v ,, I3
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APPENDIX B

EFFECTIVE TEMPEk A TUIE GRIP
BASEMENVT FLOOZ PLAN

?00 M144N %HZ LTER - P. S.D. C.

T 187.4 87. 7 187.6 i87,2

_ _ 87.4 87.3 87.0 ;87.1

ii[ 87.o 1.7.5 187.2 -7.5

II o rti

H8. 85,9 td.o 6.o 136.o1.

85.1 8.6 85." II U __ _1i,

•"-;'T:.- 27 Sept. 63 T-IME 1630 - 1700

* V-NTILATION £ATE 600 CFN or 6 CF/OCC

o/2 5,U,7PLy CON2. 91.6 .79.0 .8.o E
AIR2 ESX. COMOD. aB.T
REMAR~KS.

* Just changed from 3 CFM/OCC at approx. 1545 hrao.
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EFFECTIVE TEMPERATTUkE G2/P
BASEMENT FLOO, PLAN

2.00 M/•A ,SH'E2.TE Z- P.S.A.C.

Z 7_ I a ll

88.0 88.2 88.0 8.6

, 88.0 86.9 86.5 86.7

h 86.5 86.6 86.2 87.6

OTLT

86. 5 8.6 8 .6

•JQia iNrnr1 86.2 85.9 85.1 85.1

Srr kai IN

1',86.o 85. o 83.6 .'

I :H I !

/)/ 1. O c~t. ,3 TIME 173o- 1815

VZ;,.TILATION 2ATE 893 CRI, or 8.93 cF/C
412 'ýJPPL Y CONP. - 90.0 . ,. -J FT

A/1:-, IIH. COO. 91.5 83.5 W.13. 86. 1
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EFTFEC TIVE TEMPER ATURE Gk/P
BA5"MEWT FLOOZ PLA•N

2.0O MAWN SHELTEAR - P.S.D. C.

-d-

=
T~i 87.2 87.2 85.5 86.0

ItI
f___ 86.8 8.2 86.0 .85.5

86.3 3a 85. 84.9

85._ 85.6 585.0

i~flTI

84._,2 84.0 83.0

I•__.__________._____ ., __--_,______ . ....____......____. ............ ......._____

PAoTE 3 Oct. 63 TIME 1330 - 1oo.

VENTILATION R, TE 180o cF'. or 18 CFMoC
4L2/ 5LIPPL Y CONP. i3.5 . o 80.0 8.0 T

AIR EXYH. COD0. .. 291o 2,a 82,o W. 85.1 A.
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EFFECTIVE TEMPEATUPE G2/I
BASEMENT FLOOz PLAN

.OO M4hN ,SHEITEA- P.S.. DC.

T 85.2 85.2 84.9 83.4

. .... _ 85_o.0 85 .0 84.7 83.3

i 84.7 84.7 81.0 84.3

18.1 ,84 .8 7 o t•o84.0 18,.

83.2 82.3.

PA,0 T• 5 Oct. 63 TIA4E 1.o0- 14

VENTILATION RATE 2700 CFM or 27 CFi/OCC

4/2° 501PLY' CO P 93.0 -,RR .... 77.5 83.6
,-Z Zx)-. CONlD. .. 905 P?9.5 W _ 8,3.7
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EFFECTIVE TEMPERA TURE E
BASEMENT ALOO• PLAN

zo.o MA4,1IHEI.Tr, - P.S.D. C.

I a

, 87 .4 87.5 86.5 86.9

#3p

:1 ii____87.0 87.7 87: 3 87.0

86. o8 87.5 87.0 87.0

5 6.8 870 6. 8.

11 in

6.6 8.0 , 85.0 185.o0

85.6 __-1851

9 Oct. 63 1530 - 1600PIP TE TME-

VENT/LATION RATE 3 r ? per occupant,

A4-2 5Z/,PLY COIVP. 924 A z8. oA

AIR EXH. COD. 93.0 819o5.0 W.B. a7.5 r ..

p1,n~p # 1 & 3 dry1 27 simocs dry
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EFFECTIVE TEMPER/4ATURE GRIP
BASEMENT FkOOZ' PLAN

24OO MAN ,SHELTEI - P.S.D.C.

89.8 89.9 89.5 89.1

',•89.8 89.9 89.6 q7•

88.6 89.0 i 89.5 88.8

I -IR oUrTLr r

______88.5 188.2 88.1 188.5

12, T 12

8J.9 87.2• 86,o 86.,1

PT,7E 10 Oct. 63 TIME 13L•5 = 2

VENTILATION RATE 3 cFM/Occ
/12 5IPPLY CONO. 92.5 Pg. 790 . 0T

A/l cEXH. COlAl. 92.5 p 88.5 • 89.6 A.7

Rzi.-')A le•x"s-. E"c 90.5 86.5 87,7

woC 91.5 88.5 89.2
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EFFEC TIVE TEMPERA TURE Ge/P I

BASEMENT FLOO PLAN
.00 MA4N ,SHELTER -P.,.C.

F-2 ;rl"'-op 0I -N

T" 89.5 90.1 Bg]89.1

89.5 90.0 89.5 89.

[ ý- 8 9 0. 0 18o 9.5 89.4

89.0 89.h 9.8 189.3
IIn

1* /LKT.r IWI

88.8 89.1 .1 0 88.2

189.0 88.2 88.

PAT7E 10O Oct. 63 7/AE 1700 - 1745 ..
VENTILATION RATE 3 CFWoCC
4R2 5,1PPL. Y CONP. 2.0 9PB. 77.0 ET
AIR -EXH,. CoO& .. .... 94 ,.o ,?,a 90.0 W{.B. 21-0, Em.;r

EMA4KS E1C 92.5 89.0 83.0

WG 93.0 89.5 90.2
Using duct work
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EFFECTI\VE TEMPER.A TUkE GI?/12
BASEMENT FLOO PLAN

,,OO 144N /-SH'LTaE*-P.S.D.C.

- 27 1-00

T _ 89.4 89.6 89.0 8.82

_ _ _ 89.1 89.7 89.1 39.0

88.8 89.5 189.o §9.h

,".•/ oaA r r"€88.2 88_ Ai 2u 87_o 87_

L V2 _6_

p1TE 11 Oct. 63 TIA4E 1315 - 1350

VENTILATION RATE 3 9M/oCo or 300 CFM

/2 54UPPL Y CONP. 93o0 PB.R 77.5LW "A ET
,/2Z)• .XH. CON.O. 92 .5 pa 89.0 W.B. 9L 'E.7

Usin.g duct work
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EFFECTIVE TEMPERA TURE £ G2/
BASEMENT FLOOZe' PLAN

OO. MA4AN 4$ELITMA - P.S.D. C.

27- OPin~.

J eia ,,w_ I

fl0 90. 87.8

' I2 S .. ... .CON ..2..2. z ., ... .... , ~

A/ x.i o o ,, Lo.oa . ~...w.s.: , 88.9

90.0 90.3 90.1 8.

[ 89.4 90.3 ,,, 89.6 190.0,

89.6 - 2 .1 ....... 89.8 1 829.9
I In

lYAR :/,VAy" m

1,,89.6 89.2 :•818.2 [88.0

89.1 88.5 i87.8

.T 11 Oct. 63 7TIAME -- 15L5 -161
V/ENTILA•TION 2.-rTE. -3 CFMocc

AIR• EXH. C'OMO. 93.-L[8 90.5 .B 91., 21•

Using duct work
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